The use of cyclic R,β-unsaturated iminium-ion dienophiles is documented in two highly diastereoselective DielsÀAlder (DA) reactions. The dienophilic counterion was found to have a significant effect on reactivity.
Iminium-ion LUMO-lowering activation 1 has been extensively studied in the context of DielsÀAlder (DA) reactions and related organocatalyzed transformations. 2 In some cases, the nature of the achiral counterion has been demonstrated to have an important effect on the selectivity of a given reaction, although its effect on reactivity has not been explicitly studied. 3 The purpose of this communication is to document the counterion-dependent rate acceleration of endoselective iminium ion DA reactions vide supra.
As illustrated in Figure 1 , spiroimine-containing alkaloids such as 1 and 2 each contain the prominent DA retron of interest (blue, dienophile; red, diene).
These marine natural products have attracted attention as a consequence of their architecture and biological properties. 4 These structures contain congested [6,6]-or [7,6]-aza-spirocycles. As none of the published approaches to these illustrated structures has employed an iminium ion retron, 5 we have focused our attention on the development of these DA variants.
The proposed approach to a generic [7,6]-aza-spirocycle involves the cycloaddition between iminium-ion 3 and diene 4a (Scheme 1). This initial study involved achiral dienophiles so that endo/exo diastereoselection might be readily monitored without the intervention of additional diastereomers. Previous literature examples have revealed a significant range of endo/exo stereoÀ selectivities for these reactions.
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Conterion Effects. The results of the reaction of 3f i,9 (X = OTs) with diene 4a are summarized in Scheme 1. When it was found that this lead reaction required four days to reach completion at rt, the subsequent counterion study was undertaken. With the SbF 6 and ClO 4 counterions, the reaction is complete in 15 and 17 h respectively.
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Consistently good endo diastereoselection (>90:10) was observed for all cases. Polar solvents failed to reveal any dramatic effects as similar rates and diastereoselectivities were observed in MeCN, MeOH, and i-PrOH. The use of chlorinated solvents (CH 2 Cl 2 , CHCl 3 ) led to diene polymerization while dienophile insolubility was noted in other instances (PhH and PhMe).
We then submitted other dienes (4bÀd) to the DA reaction with dienophile 3 and its six-membered counterpart 6. We were pleased to observe good diastereoselectivities and yields in all cases (Table 1) . We also found that the six-membered iminium-ion 6 was qualitatively more reactive. In some cases, a decrease in temperature was shown to be beneficial to reaction selectivity with 6 (entry 6). The greater reactivity of the six-membered dienophile 6 compared to its seven-membered counterpart 3 is highlighted in the illustrated competition experiment (eq 1).
We have also evaluated the impact of the dienophilic nitrogen substituent on reaction rate in a related competition experiment where an N-benzyl was employed as a proton surrogate (eq 2). Dienophile 3 (X = SbF 6 ) proved to react 20Àtimes faster than its N-benzylated counterpart 8 (X = SbF 6 ) in the cycloaddition reaction with diene 4a.
From this data set, it is believed that the benzylic CÀH bonds stabilize, rather that destabilize, iminium-ion 8, possibly through hyperconjugation. This reactivity trend was not anticipated. This observation negates our initial premise that the relative electronegativies of the N-substituents (H vs C) would influence electrophilic reactivity. Chiral Azadienes. Equations 3 and 4 illustrate two chiral cyclic iminium ions of interest to several spiroimine natural products (cf. Figure 1 ). In the case of the more reactive 6-membered iminium-ion 10, we anticipated that the resident methyl substituent would be sufficient to control the facial selectivity of the reaction. Indeed, high facial selectivity was observed when 10 reacted with alkene 4a under the optimal reaction conditions (eq 3), as only two of the four possible DA adducts were observed. In contrast, the facial selectivity of the 7-membered iminium ion 12 represents a more ambiguous case. In this instance, with the illustrated diene, face selectivity is poor. In both instances, endo selectivities were impressive. Dienophile Syntheses. The synthesis of iminium ion dienophile 3 is summarized in Scheme 2. 11 The point of interest in the synthesis of 3 is the transformation of the protected ketoamine 14 to its derived cyclization product. As illustrated, cyclization precursor 14a is presented with the options of kinetic or thermodynamic control. The competing 7-endoÀ or 7-exoÀcyclization modes are presented (eq 5, eq 6). In accord with Baldwins Rules, 12 it is tempting to speculate that thermodynamic control might dominate this process (eq 5); nevertheless, kinetic selection for the 7-exoÀcyclization mode is clearly revealed under kinetic cyclization conditions (CHCl 3 reflux for one h) (eq 6). After prolonged heating under these conditions (∼18 h), the thermodynamic product was observed. It is noteworthy that the gem-dimethyl moiety is required for kinetic control (Thorpe-Ingold) in this instance in spite of the fact that this control element is present in both cyclization modes (Scheme 2) It is also interesting that the vicinal dimethyl substitution pattern in iminium ion 12 also promotes the desired kinetic cyclization pathway.
The iminium ion DA cycloadditions included in this study afford uniformly good endo diastereoselection. Counterion effects may be relied upon to provide synthetically useful rate accelerations for large non-coordinating counterions (X = SbF 6 ) versus their chloride ion counterparts. These observations should be relevant to the further development of a variety of organocatalytic and diastereoselective reactions involving iminium ion reactants.
